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Abstract 
Mine drainage from La Parrilla mine affects a stream located in Extremadura Autonomous Community (W Spain) 
and is the subject of this investigation. A comprehensive analysis of the chemical characteristics of the stream water 
along its course was performed to understand the dominant processes that control the behavior of contaminant 
elements. The water in the stream shows low pH values (2.5 to 5), and high sulfate contents (indicating the effect of 
mining pollution) in the first stages (upstream), resulting in the precipitation of Fe(III) minerals at the bottom of the 
stream. These precipitates adsorb trace elements from the water, which together with the dilution process that takes 
place in the stream, reduce the concentration of contaminant elements in the downstream water. 
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1. Introduction 
La Parrilla mine, is located in Caceres province, at the west of Spain, relatively close to the Portuguese 
border, and it has been one of the most important Spanish tungsten mines. It is mainly conformed by 
granitic material with quartz dykes, which host pyrite, cassiterite, sphalerite, arsenopyrite, muscovite, 
wolframite, and scheelite as accessory minerals. From 1946 to 1987 it was mined by open pit and 
underground works. 
 
Acid mine discharges (AMD) represent a major source of water pollution in areas of present and 
former mining activity. The source of this pollution in the studied case is considered to be the oxidation of 
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pyrites (FeS2), arsenopyrites (FeAsS), pyrrhotite (Fe(1-x)Sx), and marcasite (FeS2), and release of SO42-, 
As(III), Fe2+, and H+ to the solution. Due to this process, the water presents a low pH and high total 
dissolved solids content (TDS), particularly, metals and sulphates.  
 
Nordstrom and Alpers [1] describe the reactions involved in the origin of an AMD from pyrite 
oxidation through three steps: 
 
1)  FeS2 (s)+ 7/2 O2 (aq) +H2O            Fe2+ +2SO4 2- + 2H+   (1) 
2)  Fe2+ + 1/4 O2 + H+                          Fe3+ + 1/2 H2O    (2) 
3)  Fe3+ + 3H2O                                    Fe (OH)3(s) + 3 H+   (3) 
 
Accordingly, ferric oxide-hydroxide can precipitate increasing the acidity of water.  
In the AMD, the Fe (II) can be oxidized to Fe (III) in an acid consuming reaction. This element may be 
quickly removed from the water by precipitation as solid phases. The Fe precipitates associated with 
AMD include various mineral phases, such as goethite, ferrihydrite, and schwertmannite [2], mainly 
depending on the pH and SO42- concentration of the acid drainage.  
The capacity of the different Fe(III) precipitates to adsorb metals ions from solution is well known 
(e.g. [3], [4]), thus reducing the concentration of heavy metals in the waters, either by sorption, formation 
of surface precipitates, or by coprecipitation or a combination of all three ([5], [6]). The adsorption 
process increases with increasing pH and varies depending on the metal ions and minerals present.  
The purpose of this paper is to describe the natural processes controlling the metal ion concentration in 
a stream contaminated by acid drainages from mining activities. 
1.1. Methodology 
The water samples were collected in May 2012. Water samples consist of mine waters (sites: P1, P2, P2B, 
P3, P4, P5 and P5B), stream waters contaminated with AMD (sites: AP1, AP1B, AP1BB, AP2, AP3, 
AP4, AP5, AP6, AP7) and uncontaminated waters (sites Sopetrán and Orellana). The locations of samples 
are shown in Fig. 1.  
 
 
Fig. 1. Location of the studied area and sampling sites. The sampling point AP7 was taken 6 km east to the AP6 
location, near the point of discharge of the studied stream to the Burdalo River. Colored areas represent the sampled 
open pits, the stream course and its tributaries.  
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The pH, conductivity, Eh, dissolved oxygen, and the temperature of the water were measured on site 
using a Hanna multiparametric probe. 
The samples were filtered through 0.45μm filters and an aliquot immediately acidified in the field to pH 
<1.5 by adding ultrapure hydrochloric acid, to determine Fe(II) and Fe(III) by the ferrozine colorimetric 
method. A second aliquot was filtered and acidified with ultrapure nitric acid, to analyze trace elements. 
A third filtered aliquot was taken without acidizing in order to determine major ions. 
Trace elements were determined using a Spectro Arcos ICP-OES. Anions (F-, Cl-, Br-, NO3-, NO2-, PO43-, 
and SO42-) and cations (Li+, Na+, K,+ Mg2+, Ca2+) were determined using a Metrohm dual ion 
chromatography (IC) with chemical and electrochemical suppression. Alkalinity was determined by the 
titration method. 
Data quality was assessed by replicate samples, sample blanks, and charge balance calculations [7]. 
According to the convention of the latter authors, the errors in these charge balance values are <10%. 
2. Results and discussion 
                            Table 1. Physico-chemical and major ion composition results of the sampled waters. 
 pH Ta (0C ) CE (μS/cm) Eh (mV) D.O (ppm) SO4 2- HCO3- Fe(II) Fe(III)  Ca2+  
P0 7.40 22.8 203 -149 7.6 22.9 36.6 <0.01 0.28 8.4 
P1 6.67 19.0 276 -64 10.5 99.6 <2.5 <0.01 0.07 14.1 
P1B 6.56 27.0 560 -155 7.6 216 27.6 <0.01 0.11 29.0 
P2 3.68 26.0 1320 -60 10.2 698 <2.5 0.33 0.32 34.4 
P2B 3.62 22.3 1356 -113 8.0 823 <2.5 0.42 0.37 35.2 
P3 3.20 29.0 1356 -105 11.0 730 <2.5 0.08 2.89 44.8 
P4 3.31 25.8 923 n.d. n.d. 549 <2.5 <0.01 1.92 55.2 
P5 2.66 28.0 3100 n.d. n.d. 2610 <2.5 2.92 88.3 124 
P5A 2.57 28.0 3250 n.d. n.d. 2610 <2.5 3.34 90.9 119 
AP1 2.78 23.5 3280 n.d. n.d. 2110 <2.5 6.56 16.6 87.1 
AP1B 2.50 25.0 3300 n.d. n.d. 3020 <2.5 9.50 179.9 141 
AP1BB 2.58 20.8 4177 407 1.7 2970 <2.5 86.9 168.0 0.5 
AP2 2.49 18.5 4434 n.d. 9.5 3070 <2.5 4.52 143.3 148 
AP3 2.51 20.5 3830 353 13.5 2460 <2.5 <0.01 63.7 129 
AP4 3.37 20.1 903 246 8.4 484 <2.5 0.60 1.40 54.5 
AP5 3.50 20.8 353 232 14.3 500 <2.5 <0.01 0.72 53.0 
AP6 3.15 21.6 1356 242 10.8 701 <2.5 0.65 1.09 0.2 
AP7 7.50 19.7 698 198 9.6 109 135 <0.01 0.09 60.8 
Sopetrán 7.99 24.4 759 -183 1.3 24.0 244 <0.01 0.09 7.8 
Orellana 8.92 21.0 353 232 13.6 74.2 166 <0.01 0.18 37.4 
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In general, as the stream goes to the discharge point, the electrical conductivity increases, as well the 
pH decreases, except in the final sampling points (AP4 to AP7). However, in the AP4 to AP6 samples, it 
can be observed a relevant decrease in the conductivity, but still maintaining low pH values. This fact 
should be explained as indicative of iron hydroxide precipitation that releases protons to the media, and 
thus the pH remains acid. Also, it must be considered a dilution effect originated from non-affected 
tributary streams, with similar physico-chemical characteristics and chemical composition to the Orellana 
or Sopetran samples (Table 1), disminishing the electrical conductivity. 
In the Fig. 2, a clear association between sulphate content and dissolved metals can be observed. It 
indicates a relevant impact of the sulphide oxidation on metal pollution in the studied stream. Fig. 2 also 
shows that all the elements follow a similar trend. 
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Fig. 2. Ion-ion plot of the sulfate content versus metallic ions determined in the sampled waters.  
3. Conclusions 
Considering the geological characteristics and the lack of carbonates able to naturally neutralize the 
AMD, contamination is only reduced by a dilution effect. The influence of the stream through its path 
(around 15 km.) should be affecting the surrounding groundwater. It should be mentioned also, that the 
stream flows through an area of intensive agricultural area. 
References 
[1] Nordstrom DK, Alpers CN. Negative pH, efflorescent mineralogy, and consequences for environmental restoration at the Iron 
Mountain Superfund site, California. Proceedings of the National Academy of Sciences 1999; 96: 3455-3462. 
[2] Bigham JM, Schwertmann U, Traina SJ, Winland RL, Wolf M. Schwertmannite and the chemical modeling of iron in acid 
sulfate waters. Geochim Cosmochim Acta 1994; 60(12): 2111-2121. 
[3] Dzomback DA, Morel FMM. Surface complexation modeling. New York; 1999. 
[4] Runkel RL, Kimball BA, McKnigth DM, Bencala KE. Reactive solute transport in stream: a surface complexation approach for 
trace metals sorption. Water Resour Res 1999; 35: 3829-3840. 
[5] Martínez CE, McBride MB. Dissolved and labile concentrations of Cd, Cu, Pb and Zn in aged ferrihydrite-organic matter 
systems. Environ Sci Technol 1999; 33: 745-750. 
[6] Trivedi P, Dyer JA, Sparks DL, Pandya K. Mechanistic and thermodynamic interpretations of zinc sorption onto ferrihydrite. J 
Colloid Interf Sci 2004; 270(1): 77-85. 
[7] Freeze RA, Cherry JA. Groundwater. New Jersey: Prentice Hall, 1979. 
